Abstract: For teaching architectural design, if creativity in students' practice assignments can be effectively evaluated, it will help make certain the ranking of the performance of different design schemes and provide a critical decision basis for the continuous improvement of each scheme. Based on the review of related literature, this study integrates the grounded theory (GT) from the social sciences' domain and the method of multiple attribute decision making (MADM) from operations research by analyzing their advantages and congruence to create a qualitative-quantitative evaluation model such as the GT-DANP-mV (GT, DEMATEL-based analytic network process [ANP] with modified VIKOR) model. Then, the characteristics and advantages of this evaluation model were examined by applying it to empirical research. Overall, this evaluation model fully utilized the advantages of the analytical techniques of GT and the MADM method to solve the corresponding problems at different stages of the evaluation study, which realizes their complementary advantages. More crucial is that, whether in the related evaluation study or practice assignments, the application of the GT-DANP-mV model could facilitate the formulation of continuous improvement strategies for architectural design schemes based on performance evaluation results under conditions of limited resources.
Introduction
Evaluative practices are important in all creative industries, where key individuals are invited to assess products "in-the-making" during initial and creative stages as well as to finalize products prior to communicating them to the market [1] . Nearly all design practices require some kind of evaluation or assessment [2] . The evaluation analysis is also an important part in design practice teaching, which takes the friendly and critical evaluation as its goal, with part of the assignments aiming at evaluating the latent characteristics, novelty, and market value of design products, as well as promoting creative explorations that strive toward innovation [1] . Evaluation of assignments provides designers with the opportunity to develop their designs, and, simultaneously, to become aware of their own design values, preferences, and sensitivity so that they come to reflect on their design processes and design conditions. Previous studies have indicated that "creativity" is one of the most important From the perspective of cultural psychology, creativity is not a product of "disconnection," but rather that of the ingrained "connections" between humans and environment, self and others, and creators and cultures [12] .The creativity of most people can be understood as social in nature, and because of this, those related studies that attempted to evaluate "creativity" were faced with the following problems: difficulty of comprehensively and systematically collecting related materials, difficulty of extracting evaluation criteria and judging their validity, and the evaluation analytical technique that can be used is still being too homogeneous [4, 13] . However, this study clearly specifies the subjects of evaluation as the students' schemes of an architectural design course, while the goal of evaluation is examining the "creativity" manifested in each design project. Even so, many previous studies have been criticized as overdependent on a single qualitative or quantitative evaluation [14] . Moreover, many were only content with identifying creative design projects rather than clearly specifying the varying degrees of creativity manifested in different schemes [3] . Furthermore, the evaluation methods applied in the evaluation studies in the architecture and other art design domains have often not given sufficient attention to training in criterion weights [1, 4, 6] . Overall, current evaluative analysis cannot practically promote the continuous improvement of students' schemes in the process of teaching. Thus, there is an urgent need to develop a new evaluation model that can be applied to architectural design teaching for evaluating the creativity in practice assignments, to provide a decision basis for teachers and students to further improve their design schemes.
This study attempted to integrate cross-disciplinary research methods and analytical techniques for the construction of a reasonable and highly effective evaluation model for ranking the creativity performance in students' practice assignments and further promote the continuous improvement of each design scheme. This study holds that the construction of this evaluation model requires the "embedment" of a mutually supporting process of dynamic thinking. Additionally, a systematic and mutual influence perspective is required to establish and confirm the influence of relationships and priority among each evaluation criterion. In this manner, the contributions of the evaluation study will not only be confined to the ranking and selection of design schemes but also provide a basis of reference for further formulating an improvement strategy [15, 16] . Based on this, and along with the review of related literature, the various problems and difficulties that require a solution in evaluating the "creativity" manifested in the design schemes have been summed up. This study mainly focuses on the grounded theory (GT) from the social sciences domain and the multiple attribute decision making (MADM) from the operations research domain, which clarifies their different characteristics and advantages and disadvantages. The complementarity and congruence of both research methods will then be investigated, which is followed by the construction of a new evaluation model that combines both qualitative and quantitative analytical techniques. Furthermore, it will demonstrate the research stages and procedures by applying this evaluation method to an empirical research. Lastly, the results of the research will be used to understand the positive impacts of this evaluation method on the sustainable development of design education.
Literature Review

Creativity in Design Schemes
Previous research has defined creativity in numerous ways. For instance, Amabile [17] defined creativity as "a production process that defines a certain (creative) object." Torrance [18] described creativity as something "fluid, flexible, unique, and delicate." Plucker et al. [11] believed that creativity is an attribute produced by an individual or a team under the interactive influence of three elements-ability, process, and environment. Sarkar and Chakrabarti proposed a "common" definition of creativity [19] : "Creativity occurs through a process by which an agent uses its ability to generate ideas, solutions, or products that are novel and valuable." Since creativity is usually related to better design education and design practice [20] , and is generally regarded as the prerequisite for invention and creation in design practice [3] , design researchers have been inspired to conduct many empirical studies. In particular, some studies have focused on external inspiration to stimulate the ideation stage of the design process. These external inspirations, which are also considered tools that help designers obtain new ideas, are introduced into the design process, and, without these tools, such ideas will likely not emerge. Hence, many studies have stressed the positive results and merits of using external stimuli during the stage of ideation [21] [22] [23] . However, this might unfavorably interfere with the creation process when designers are providing sample solutions for the problems they are just considering. Such a phenomenon is called "design fixation" [24] . In studying this phenomenon, many researchers have extensively discussed the negative impacts of external stimuli [25, 26] .
Nevertheless, this study evaluates the creativity in design practice assignments. In the psychological research domain, many scholars have noted that creativity should not be treated as a cognitive variable in scientific research and assumed that it can be quantitatively identified [27, 28] . This is because scholars generally consider that creativity emerges in complex social situations, which requires a more comprehensive and systematic method in understanding this concept. This is complex and hard to confine [10] [11] [12] . Yet, in this study, the concept of "creativity" can be understood as the extent of "radical innovation" of architectural design schemes in a practice environment with respect to solving practical problems and generating overall efficiency. Based on this, out of the consideration of solving practical problems, the use of critical quantitative analytical techniques at different stages of the evaluation study is indispensable. This is helpful in ranking the performance of different architectural design schemes and their selection and in formulating improvement strategies and action plans based on the evaluation results [29, 30] . Many conventional quantitative analytical techniques operate on the assumption that factors are independent of one another. The widely used analytical hierarchy process (AHP) is included among them [15] . However, generally, important logical relationships exist among the various indicators (dimensions and criteria) for evaluating creativity in design schemes. In recent years, an increasing number of scholars have concentrated on analyzing the complex and hard-to-clarify mutual influence relationships among various evaluation indicators. Yet, this literature usually only investigated whether correlation existed between these various indicators instead of judging the direction and extent of the mutual influence among them, which would render the design schemes, having undergone an evaluation study, unable to practically make further improvement based on the evaluation results. The MADM method, which has been extensively used in the related studies in the domains of urban planning and design, has already been proven to be a practical and highly effective research method based on systematic thinking. It was combined with the perspective of the mutual influence among evaluation criteria, for dealing with the problem of "planning and evaluation" in the real world [31] .
Multiple Attribute Decision Making (MADM)
As operations research has developed so far, the scholars within its domain has already developed many mixed MADM models, which have been widely used in different research areas [31] [32] [33] . First, conventional MADM assumes independent criteria with a hierarchical structure. However, relationships among criteria or dimensions are usually interdependent for real-world problems, and, in some cases, feedback effects exist. The criteria in practical MADM problems are generally interactive, and, thus, some inter-dependent models have been proposed (e.g., DANP, DEMATEL-based ANP). Second, conventional MADM only obtains relatively good solutions from existing alternatives, but also avoids "choosing the best among inferior alternatives," i.e., avoids "Pick the best apple from a barrel of rotten apples," it should be replaced by the aspiration levels [15] . Third, conventional MADM merely allows the selection and ranking of alternatives or strategies, but these alternative methods shift the focus from how to conduct "ranking" or "selection" of the most preferable alternatives to how to "improve" them [34] . Fourth, information aggregation, such as a fuzzy integral or a non-additive/super-additive model, has been developed for performance aggregation. Therefore, a hybrid dynamic (HD) MADM method is needed to overcome the defects of the conventional MADM method and solve the complications of dynamic problems in the real world [35] . In sum, this study considers that the advantage of the DANP-mV model in the MADM lies in its ability to clarify the influence relationships (i.e., influential network relation map, INRM) and priority (i.e., influential weights, IWs), among various evaluation criteria [36] . At the same time, the use of the modified VIKOR method can confirm the gap value between the performance of the empirical case and the desired standard, and, combining it with the INRM, it can precisely, and highly effectively, provide a critical basis for formulating continuous and systematic improvement strategies [15] .
Grounded Theory
GT is a classic method used in qualitative research and was developed by two seasoned sociologists who are Barney Glaser from the University of Chicago and Anselm Strauss from Columbia University. Under the influence of interactionism and pragmatism scholars, they drafted the GT research method after studying multiple interactionism and pragmatism scholars as well as relevant research [37] . Strauss and Corbin [38] believed that GT is an approach used for examining and studying the real world. Since GT is designed to develop theories, a series of "methods" is used to collect and analyze data [39] . While observation, participant observation, field investigation, and interviews are the most common methods for collecting qualitative data, open coding, axial coding, and selective coding are the most common procedures used in the analytical process [40] . Sampling is used throughout the analytical process of the GT method. From collecting data and analyzing data to reaching the conclusion, all the steps are closely related [41] . Instead of developing a hypothetical theory before starting the research, researchers focus on developing theories (non-verification theories) during the research process without the influence of pre-existing theories. Data collection and analysis are done simultaneously. Following the formation of a new theory, researchers continue to collect the next batch of information. This process continues until theories derived from concepts achieve theoretical saturation [40] .
Among all the qualitative research methods, GT is widely recognized as the most scientific method because it strictly follows scientific principles (e.g., inductive and deductive reasoning process), comparative principles, hypothesis testing, and the process of theory construction [42] . Thus, it is apparent that achieving theoretical saturation is the key point of this analytical process. Glaser and Strauss [41] pointed out that researchers who adopt GT should engage in continuous sampling until there is no more new or relevant data. They should also ensure that the development of different domains is comprehensive and that the links between the domains are well established and verified. Moreover, researchers should strike a balance between being innovative, cautious, consistent, and theoretically sensitive [39] . While theoretical sensitivity mainly comes from the professional and personal experience of researchers, it is common for researchers to be blinded from the truth by pre-existing hypotheses, past experience, and literature during the analytical process. Therefore, researchers adopting GT must have a good grasp of the techniques designed to enhance theoretical sensitivity [40] . To sum up the above, the research process of GT is open-ended. The striking difference between this theory and other qualitative research methods is that the latter usually adopt a linear approach.
Establishing a New Evaluation Model by Integrating GT with MADM
In the process of an evaluation study, the primary task is generally to extract certain critical evaluation criteria from related information or data under the evaluation goals. In the course of architectural design teaching, students' practice assignments are usually simulating those design practice activities that provide solutions to some new social needs and phenomena in the real world. Much more, different kinds of sub-item design contents will be affected by the social situations in which an item is situated and face different practical problems. What is not difficult to infer is that the approach of solely relying on related literature to extract evaluation criteria does not suit this study. This would easily lead researchers to form a certain fixated system of understanding and knowledge structure with regard to the creativity manifested in architectural design schemes. Thus, this study considers that an effective qualitative analytical technique should be introduced in this evaluation model to deal with the related complex and massive qualitative data. It is worth noticing that the main characteristic of the qualitative analytical technique of GT is its emphasis on generating theories from the massive raw data collected, without relying on the old ones of previous studies. Researchers who use GT can gradually form their theoretical frameworks only by conducting in-depth analysis of the raw data [41] . Additionally, what is more critical is that GT provides a set of clear and systematic research procedures and analytical processes for researchers, which are significant characteristics compared to other qualitative research methods [43] . Previous studies have shown that this method emphasizes the logic of applied science, that is, induction, deduction, and hypothesis testing. These three stages are alternately, and circularly, operating in GT research [42, 44] .
On the other hand, regarding the problems of training in criterion weights and ranking the performance of design schemes, in light of the discussion above, those conventional quantitative analytical techniques operating on the assumption that factors being independent of one another are not suitable for this evaluation issue. This is because critical and crucial interaction effects often exist among the various criteria used to evaluate the performance of the design schemes. Furthermore, choosing to ignore the influence relationships among the evaluation criteria is not conducive to formulating corresponding improvement strategies for different cases based on the performance evaluation results [15] . Based on this, this study has noted that the major advantage of the DANP-mV model in MADM lies exactly in its ability to clarify the influence relationships (INRM) and priority (IWs) among various evaluation criteria. Then, the application of the modified VIKOR technique to the performance evaluation analysis can confirm the gap value between the performance of the empirical case and the desired standard, and, combining it with INRM, it can precisely, and highly effectively, provide a critical basis for formulating supporting and continuous improvement strategies.
In sum, this study will construct an evaluation model according to different research stages and different qualitative and quantitative analytical techniques (as shown in Figure 1 ). Such a model in this study is called the GT-DANP-mV model. In the following subsections, the main research stages and concrete research procedures in the GT-DANP-mV model will be introduced in detail. 
Research Procedures of GT
In GT research, Barney Glaser and Anselm Strauss have developed a clear and systematic data analysis program for data coding. The coding mentioned in this section refers to the operation process of breaking up and conceptualizing the collected data, which is then followed by placing them together again in a new manner. Sampling will run through the analysis program of GT, with each procedure, from collection and analysis of data to ultimately obtaining the analysis results, intimately linked together. The most clear characteristic of GT is that both qualitative data collection and analysis take place simultaneously and alternately. After the first set of qualitative data are analyzed through the three procedures of open coding, axial coding, and selective coding, inductive and deductive methods are used to form a preliminary theory. This is followed by analyzing the second set of qualitative data to examine whether differences exist between the preliminary theoretical model and the analysis results of the second set. If differences exist, a comparison and modification of the analysis results of different data can be made to construct a more complete theoretical model. In the same manner, further data are collected through sampling until a "theoretical saturation" is reached. The three steps included in the data analysis program sequentially are:
This step is the process of breaking up, examining, comparing, conceptualizing, and categorizing the data. Researchers can use questioning and comparative analysis in developing concepts. The collected data are first conceptualized, and then categorized and named. The process of categorizing is to combine a group of concepts into certain categories, which also include many subcategories.
•
Axial Coding
This step mainly establishes the correlation between categories and subcategories and reintegrates the data to better develop the categories for creating a preliminary theoretical framework. Strauss and Corbin [45] suggested using a coding paradigm as the frame of reference for this 
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Axial Coding
This step mainly establishes the correlation between categories and subcategories and re-integrates the data to better develop the categories for creating a preliminary theoretical framework. Strauss and Corbin [45] suggested using a coding paradigm as the frame of reference for this analytical procedure, which mainly includes elements such as antecedent conditions, theoretical phenomena, action/interaction strategies, consequences of action, context, and intervening conditions.
Selective Coding
Following axial coding, it is necessary to go a step further to perform selective coding to establish a core category. A core category in general possesses "centrality." The rest of the categories can revolve around it as the center to become closely interwoven, which, thus, integrates the theoretical framework of this research stage. In other words, the core category represents the main theme of a GT research. It highly condenses all the analysis results, with the aim to explain the main contents of this research stage.
Research Procedures of the DANP Technique
To untie the independence hypothesis, an increasing number of scholars in the operations research domain have started attempting to introduce the decision-making trial and evaluation laboratory technique (DEMATEL) into the MADM model. Moreover, by combining with the basic ideas of ANP and the foundation of allowing the existence of mutual influence relationships among various evaluation criteria, they also perform training in criterion weights. Therefore, this study will use the DANP technique to obtain the IWs of each evaluation criterion, clarify the complex influence relationships among all of them, and then draw an INRM. The concrete steps are shown below.
Creating Direct Influence Relation Matrix E
The data were collected from the expert questionnaire, whose evaluation scores include 0, 1, 2, 3, and 4, with 0 representing the semantic meaning of having no influence and with 4 implying extremely influential. This questionnaire was filled out by experts of the research domain of this project, and the pairwise comparison method was used to evaluate the extent of influence of the criteria so as to express the extent of influence of one criterion on another under the evaluation framework. This matrix is an n×n-type non-negative matrix. Matrix E was created on the basis of the responses of several experts.
Creating Average Direct Influence Relation Matrix A
The average matrix obtained by calculating the average score of several expert questionnaires was called the average direct influence relationship matrix.
Consensus Testing of Expert Questionnaires
The consensus testing of the expert questionnaires was performed by calculating the average gap ratio. The threshold value of the average gap ratio in statistics is 5%. When the calculation result is smaller than 5%, it means that the confidence level of the collected expert questionnaires is more than 95%. It can be regarded as a stable and reliable system, and these questionnaires have manifested a relatively high consensus. However, if the testing results show that it is not a stable system, it is then necessary to re-examine whether the collected data are correct or whether the number of experts is adequate.
Creating the Normalized Average Direct Influence Relation Matrix D
The result of normalization transformed all the numerical values in matrix A correspondingly into the numerical values between 0 and 1. In the matrix, all the numerical values located at the diagonal are 0.
• Creating Total Influence Relation Matrix T When the powerful number of matrix D approximates to infinity, the indirect influence in it would continuously decline. Thus, it is first necessary to create an inverse matrix of the difference between an n×n identity matrix I and matrix D. By multiplying this inverse matrix and matrix D, the total influence relation matrix T could be obtained.
Drawing INRM
This step requires quantifying the influence effects each criterion produces and is received by other criteria. This could be obtained by adding up the numerical value of each line and each row in matrix T, and, at the same time, a total dimensional influence relation matrix T D was constructed. Then, the INRM for various dimensions and various criteria were drawn respectively.
• Creating Unweighted Super Matrix W a First, a normalization calculation was performed on the total criterion influence relationships according to different dimensions. Then, based on the ANP concept of pairwise comparison of criteria, and, through conversion, the normalized influence relationship matrix T a C was converted to the unweighted super matrix W a .
Creating the Weighted Super Matrix
First, the numerical value of each line in the total influence relationships matrix T D were added up to obtain d i , which then produced matrix T would be global weight w g of the criteria it corresponded to, which is also referred to as IWs.
Research Procedures of the Modified VIKOR Technique
This study will use the modified VIKOR technique to handle the collected performance questionnaires. This analytical technique can clearly specify the gap values between the performance of the empirical case study and the desired standard in the existing conditions. At the same time, it also improves the VIKOR technique's setting of a positive-ideal solution and a negative-ideal solution. The concrete steps are as follows.
The modified approach for replacement by the aspiration level and the worst value is as follows.
The aspiration level:
is an aspiration level, or is called the best value.
The worst values:
, where f worst j is a worst value. In this study, performance scores ranging from 0 to 10 (very bad ← 0, 1, 2, . . . , 9, 10 → very good) are used with natural language in the linguistic/semantic questionnaire. Thus, the aspiration level takes the highest score of 10 and the worst value takes the value of 0. Hence, f aspired j = 10 is defined as the aspiration level and f worst j = 0 as the worst value.
• Determine the mean group utility for the gap and then establish the priority improvement strategy. These values can be calculated using Equation (R1) below.
where s k is defined as the normalized ratio (%) of distance to the aspiration level, which implies the synthesized gap of the criteria. In this case, w j indicates the IWs for the criteria obtained from tDANP.
Empirical Case Study
Empirical Case Description
The course of this empirical research is from the Faculty of Humanities and Arts, Macau University of Science and University. As a new higher education institution in East Asia, the university has been expanding in recent years. The faculty offers two specialties: (1) Communication Studies and (2) Design Studies. The Department of Environmental Design in the faculty has about 60 students, seven full-time teachers, and four part-time teachers. The architectural design course discussed in the empirical case study is a mandatory course in the undergraduate program. Its pedagogical task is allocated to three full-time teachers, who all hold a doctorate in architecture and urban planning. Each person is in charge of a class, with an average of 27 junior undergraduates each. The purpose of this course is to help students master the principles and basic processes of the design of small public architectures and understand the general architectural requirements and relevant specifications of cultural exhibition halls. The architectural design task in this course was not a virtual subject but a new exhibition hall in a designated location, which will be used to display the teaching and scientific research achievements of Macao University of Science and Technology. The design should comply with the construction plan of the campus and the development requirements of the Faculty of Humanities and Arts. The site is located at the junction of Avenida do aeroporto and Avenida Dr. Henry Fok, behind block P of the dormitory building of Macao University of Science and Technology, which is in the Aberdeen district of the Macao Special Administrative Region (Figure 2 ). The surrounding buildings include the main building of the University International College, dormitory building, gymnasium, and golden carpentry laboratory building of Macao University of Science and Technology. The site area of the project is about five hectares. The construction area should be between 1500 m 2 and 2500 m 2 and the maximum stories of the building are three. Since the students were only required to complete a conceptual design scheme within this architectural design course, this project finished in only seven weeks. However, after the end of the course, the university will provide full support to teachers and students to spontaneously and continuously develop such creative design schemes. They will then participate in the project's publicity and tender activities organized by the university. 
Empirical Case Study
Empirical Case Description
Documents and Data Sampling
Based on the discussion above, the GT-DANP-mV model can be divided into three main stages of information and data collection according to the different analytical techniques used at different research stages. First, this study conducts a GT research to extract the indicators (dimensions/criterion) that can be used to construct the assessment framework. At this stage, this study collects qualitative data through expert interviews. Second, to clarify the influence relationships and priority of the evaluation indicators, this study collects relevant data by issuing expert questionnaires and applies the DANP analysis technique to complete this research stage. Lastly, we issue the questionnaires again to collect relevant data and apply a modified VIKOR analysis technique to complete the performance ranking of empirical cases. Based on this, we will present an in-depth introduction regarding the document analysis and data sampling process in the following three subsections.
Participants and Interviews
The idea behind the data sampling in GT is to select participants who will best contribute to the understanding of the problem and the research question. Therefore, this study will focus on in-depth interviews with two types of experts at this stage. One type of expert group comprises full-time teachers from the Department of Architectural Design of the Faculty of Humanities and Arts in Macao University of Science and Technology, all of whom hold a doctorate and most of whom have been engaged in related research. All the interviewees have more than five years of teaching and research experience and have served as principal lecturers in architectural design courses many times. The other group of experts comprises senior designers from the architectural design industry. As respondents, designers from reputable design institutes have acquired enough basic information to understand the case in this empirical study. Some have more than five years of work experience while others hold at least a master's degree in architecture or related disciplines. All interviews were conducted in their personal studio from 24 February 2018 to 20 May 2018, and the length of each interview ranged from 30 to 120 minutes, with an average of 60 minutes. In the course of the interview, questions were raised according to the purpose of different research stages, such as the following.
• "How do you understand creativity in architectural design practice?" • "According to your personal teaching experience, what breakthroughs can students often achieve in conceptual designs that can demonstrate creative thinking?" • "Have any of your students ever impressed you with their unique creative thinking through a design scheme in a similar course, and how was it elaborated?" • "As for the exhibition hall of Macao University of Science and Technology, what realistic problems can be solved with creative thinking?"
All interview questions are semi-structured, and the author adjusted the order of the questions, some details, and even some questions accordingly. One element of GT is the practice of concurrent data collection and analysis that subsequently guides further participant selection and is known as theoretical sampling [41] . After collecting and analyzing the data, this study determined the next interviewee according to the theoretical concept. The work of sampling continued until the information in one category reached "theoretical saturation." This process emphasizes the importance and richness of the data but not its quantity [40] .
DANP Questionnaires
In this study, we want to investigate, through the second stage of research, how architectural designs can be made more creative in empirical research. Therefore, the participants of the DANP questionnaire must be experts who have worked in the architectural design industry or conducted teaching research. Since the experts had provided a thorough and comprehensive perspective based on their own experience and knowledge and the evaluation indicators (dimensions/criterion) were collected from qualitative data, the DANP questionnaire was still issued to experts who have participated in the previous interview, which enables these key experts to continue pondering this research and to provide more in-depth perspectives. Lastly, the DANP questionnaire was conducted over a period of one month, and seven questionnaires were distributed with seven valid and zero invalid questionnaires. After GT research, the respondents at this stage were already determined, and personal information regarding these experts is provided in detail in Table 1 . The seven experts were instructed on the research questions and objectives and how to respond to the questions. The experts completed the questionnaire after the note questionnaire. To improve validity, questionnaires were administered in the form of structured interviews, during which any confusion about the questions was clarified by the authors. The average time for questionnaire completion was approximately 2.5 hours. 
Modified VIKOR Questionnaire
After establishing the assessment framework and determining the relationships and priority of different assessment indicators (dimensions/criterion), this study used modified VIKOR questionnaires to evaluate empirical performance. Experts who participated in the first two stages were still involved, and questionnaires were given face-to-face to each expert in their personal studio. In this empirical study, there were nine sets of architectural designs to be evaluated. Before completing the modified VIKOR questionnaire, each respondent has had a complete and continuous understanding of all the designs, and the design drawings were presented to them while they were filling out the questionnaire. The study lasted for 15 days, and seven questionnaires were issued. None of the questionnaires were invalid. The average answering time for each questionnaire was one hour. The author will further discuss all the problems that occurred during the process.
Results and Discussion
Extraction of Evaluation Indicators Based on GT
Building on Strauss and Corbin [39] , we first analyzed the data with an open coding system, followed by an axial coding system. All interviews were transcribed and analyzed before further data collection occurred. Data were manually coded using line-by-line analysis. In accordance with the above steps, the data were broken down into discrete ideas, events, and acts. Each phenomenon was related to the participants' attitudes toward the creativity of this architectural design project in empirical case studies. The open coding process enabled the development of themes that were grounded in the data itself. Meanwhile, during the process of constant comparative analysis, within and between data sets, the concepts were examined for similarities and differences. Data collection and analysis continued until all concepts clearly explained what was happening within the field of study. Lastly, concepts were examined for the relationships. These concepts were then developed into categories, which explain how to evaluate the creativity of the design project of the Macau University of Science and Technology Exhibition Hall. Memo writing to record analytic thinking, theoretical development, and methodological decisions were written after each interview and were further developed as concepts during ongoing data collection and analysis (as shown in Appendix A, Table A1 ). Table A1 shows the process of open, axial, and selective coding based on GT, in which the process involved sorting memos, labeling data, conceptualizing data, categorizing data, and subcategorizing data. After the process of conceptualization, two items (a1 and a5) can be sorted out into one (aa1), which concerns site planning. The total labeled number was 115. After conceptualizing, the number decreased to 83. To a certain extent, the concepts became clearer through open coding. Axial coding occurred concurrently with open coding. In the data analysis step, the data were broken down into concepts and categories and then reassembled by axial coding. In the process of coding, a concept was defined whenever two or more respondents mentioned a certain phenomenon. Furthermore, 83 initial concepts were unstructured. The next step was to gather these concepts into categories based on their similarities or differences. For example, in the process of conceptualizing data, the concepts aa1 and aa9 were gathered into category A1. Therefore, 46 categorized items were generated (Table A1) . When coding axially, the main point was to determine how categories link and crosscut. For example, the relationship among A1, A4, A7, A10, A15, and A18 were similar, so they were also allocated to one category labeled architectural functionality (AA1). Once developed categories emerged, selective coding was started. Central to the procedure of selective coding was the selection of a core category, major categories related to it, and to one another.
Through the above analysis procedures, three major categories were generated, and there existed an obvious hierarchical relationship between categories and subcategories (as shown in Figure 3 ). The mutual influence between subcategories under each category was involved in the interview process, but there existed no superiority-inferiority relationship between the abstraction levels of the three major categories. In other words, there existed no inclusive relationship between major categories. Results of the analysis show that the evaluation of creativity contained in this design practice is a multi-dimensional and hierarchical thinking process. From different perspectives, the degree of creativity associated with the corresponding category can be divided into three types: architectural functionality (Logical Reasoning), architectural artistry (Aesthetic Experience), and architectural sociality (Impression Analysis). In sum, the core category of the GT research stage in this empirical study is the evaluation mechanism of the creativity of the design practice. The core category was highly condensed above the analysis results, and other categories can be closely combined around this core category. subcategorizing data. After the process of conceptualization, two items (a1 and a5) can be sorted out into one (aa1), which concerns site planning. The total labeled number was 115. After conceptualizing, the number decreased to 83. To a certain extent, the concepts became clearer through open coding. Axial coding occurred concurrently with open coding. In the data analysis step, the data were broken down into concepts and categories and then reassembled by axial coding. In the process of coding, a concept was defined whenever two or more respondents mentioned a certain phenomenon. Furthermore, 83 initial concepts were unstructured. The next step was to gather these concepts into categories based on their similarities or differences. For example, in the process of conceptualizing data, the concepts aa1 and aa9 were gathered into category A1. Therefore, 46 categorized items were generated (Table A1) . When coding axially, the main point was to determine how categories link and crosscut. For example, the relationship among A1, A4, A7, A10, A15, and A18 were similar, so they were also allocated to one category labeled architectural functionality (AA1). Once developed categories emerged, selective coding was started. Central to the procedure of selective coding was the selection of a core category, major categories related to it, and to one another. Through the above analysis procedures, three major categories were generated, and there existed an obvious hierarchical relationship between categories and subcategories (as shown in Figure 3 ). The mutual influence between subcategories under each category was involved in the interview process, but there existed no superiority-inferiority relationship between the abstraction levels of the three major categories. In other words, there existed no inclusive relationship between major categories. Results of the analysis show that the evaluation of creativity contained in this design practice is a multi-dimensional and hierarchical thinking process. From different perspectives, the degree of creativity associated with the corresponding category can be divided into three types: architectural functionality (Logical Reasoning), architectural artistry (Aesthetic Experience), and architectural sociality (Impression Analysis). In sum, the core category of the GT research stage in this empirical study is the evaluation mechanism of the creativity of the design practice. The core category was highly condensed above the analysis results, and other categories can be closely combined around this core category. 
Pretest of Evaluation Indicators
The evaluation criteria extracted in the GT research stage needed to be pretested first. Evaluation analysis in the next stage was conducted within the clearly defined evaluation framework only after the effectiveness of evaluation criteria was confirmed. According to the pretest analysis procedure in the conventional evaluation research, the pretest stage of this study includes two phases of three steps. In the pretest stage, however, the respondents were all among the interviewed experts in the previously mentioned GT research stage. Therefore, the respondents verified the effectiveness of the evaluation criteria extracted through the GT research based on the previous verbatim transcription and the author's coding process and results.
The first phase of the pretest stage was to survey the experts' comments on the verbatim transcription and coding analysis results through semi-structured questionnaires. The experts first checked the consistency between the verbatim transcription and the respondents' narrations, and then checked the analysis results against the experience of the respondents. If surveyed experts asked for clarifications or noted ambiguities in the analysis results, this phase was repeated. Through questionnaire surveys, the author collected the comments and judgments on controversial issues identified by all experts surveyed during the pretest stage. If the issues were clarified, the author modified the established evaluation framework according to the experts' comments. Upon completion of the first phase, it was basically confirmed that the evaluation framework was stable and possessed sufficient reliability.
In the second phase of the pretest stage, the degree of importance of each evaluation criterion was tested through a structured expert questionnaire. Specifically, according to the collected data, the degree of importance of each evaluation criterion was determined by the average index. During the process, the experts gave a score (0 to 10) to the degree of importance of each evaluation criterion, according to their experience and cognitive knowledge. Specifically, 0 means "extremely unimportant" and 10 means "extremely important." The author set the score of 7.5 as the threshold, which indicates that, if the score of an evaluation criterion was higher than 7.5, the degree of importance reached a level of 75% or above. In this sense, the experts believed that the evaluation criterion in the evaluation framework was important, and, thus, should be retained. For evaluation criteria with a score of 5 to 7.5, an expert interview was held to discuss why they were defective, whether they needed to be retained, and how they needed to be modified. The author integrated the data in the expert survey, and then a questionnaire survey was conducted again to seek the experts' comments on the modified evaluation framework. This process was performed repeatedly until the score of each evaluation criterion was not lower than 7.5. Upon completion of the pretest stage, the evaluation framework used in this study was confirmed.
In this empirical study, seven experts attended the pretest of evaluation criteria. Upon completion of the first phase of the pretest stage, no experts raised any objections concerning the verbatim transcription recorded by the author in the GT research stage, and the surveyed experts all agreed to the previous analysis results. Evidently, the evaluation framework built in this study possessed sufficient reliability and was essentially a stable evaluation system. However, this did not suffice to prove that these criteria were effective regarding the topic in this study. Therefore, it was necessary to perform the second phase of the pretest stage, that is, to conduct a further test of the degree of importance of each evaluation criterion. Noteworthy, the "degree of importance" in this phase indicated whether an evaluation criterion was important enough to be retained in the evaluation framework while experts evaluated the creativity of the reformation design of the idle space in the evaluated creative community. As mentioned above, the threshold in this phase was set to 7.5. After the second phase of the pretest stage, this study did not find any evaluation criterion with a score lower than 7.5. Therefore, all evaluation criteria extracted by the GT research were important and effective, and no modifications or deletions were required. In sum, upon completion of the pretest stage, the evaluation framework built in this study comprised three evaluation dimensions and 11 evaluation criteria (corresponding to the categories and subcategories in Figure 3 ).
Applying the DANP Technique to Distribute IWs and Drawing INRM
As set forth above, the three categories in this research stage were viewed as dimensions of the evaluation framework and the 11 subcategories were viewed as evaluation criteria. The intent of this research stage was to assign IWs to all evaluation indicators (dimensions and criteria), draw an INRM, and, thus, determine which indicators were dominant, to determine the complex influential relations in this evaluation system (as shown in Figure 4) . Figure 4 includes four INRMs. The influential network relations were drawn according to the total influence relationship matrix created by this study (as shown in Appendix A, Table A2 ). The horizontal axis in the figure is the "centrality (r+s)" of each criterion in that system, while the vertical axis is the "relatedness (r-s)" of each criterion. Table A3 in the Appendix A shows the calculating process of the centrality and relatedness of each evaluation criterion. Since the relatedness of the dimension of the sociality of architecture (D 3 ) in this evaluation framework was the greatest, this implies that the D 3 dimension occupied the dominating influential position. Its influence on the other two dimensions was stronger than what was exerted on it. By comparison, the aesthetics of architecture (D 2 ) was the dimension with the lowest dominating influence effect. Besides the influence relationships among each dimension, Figure 4 also clearly demonstrates the influence relationships among each evaluation criterion under each dimension. The D 1 dimension comprised five evaluation criteria. Specifically, site planning (C 13 ) had the strongest influence, equipment (C 15 ) had the second strongest influence, and the influence of the three other criteria was ranked in the following order: C 14 > C 12 > C 11 . The D 2 dimension comprised three evaluation criteria. Specifically, spatial form (C 21 ) played a dominant role, material and color (C 23 ) had the second strongest influence, and the interior decoration (C 22 ) had the weakest influence. The D 3 dimension comprised three evaluation criteria. Specifically, cultural implication (C 33 ) had the strongest influence, and the period characteristic (C 32 ) had the second strongest influence. As set forth above, the three categories in this research stage were viewed as dimensions of the evaluation framework and the 11 subcategories were viewed as evaluation criteria. The intent of this research stage was to assign IWs to all evaluation indicators (dimensions and criteria), draw an INRM, and, thus, determine which indicators were dominant, to determine the complex influential relations in this evaluation system (as shown in Figure 4) . Figure 4 includes four INRMs. The influential network relations were drawn according to the total influence relationship matrix created by this study (as shown in Appendix, Table A2 ). The horizontal axis in the figure is the "centrality (r+s)" of each criterion in that system, while the vertical axis is the "relatedness (r-s)" of each criterion. Table A3 in the appendix shows the calculating process of the centrality and relatedness of each evaluation criterion. Since the relatedness of the dimension of the sociality of architecture (D3) in this evaluation framework was the greatest, this implies that the D3 dimension occupied the dominating influential position. Its influence on the other two dimensions was stronger than what was exerted on it. By comparison, the aesthetics of architecture (D2) was the dimension with the lowest dominating influence effect. Besides the influence relationships among each dimension, Figure 4 also clearly demonstrates the influence relationships among each evaluation criterion under each dimension. The D1 dimension comprised five evaluation criteria. Specifically, site planning (C13) had the strongest influence, equipment (C15) had the second strongest influence, and the influence of the three other criteria was ranked in the following order: C14 > C12 > C11. The D2 dimension comprised three evaluation criteria. Specifically, spatial form (C21) played a dominant role, material and color (C23) had the second strongest influence, and the interior decoration (C22) had the weakest influence. The D3 dimension comprised three evaluation criteria. Specifically, cultural implication (C33) had the strongest influence, and the period characteristic (C32) had the second strongest influence. As shown in Figure 4 , architectural sociality (D3) is the dimension with the highest IW in the evaluation framework. Meanwhile, the three dimensions in the evaluation framework are of approximate IW. It can be said that the three dimensions are all important evaluation indices. Under the current research topic, the dimension that has the highest IW is dominant. Using the DANP technique, all evaluation indicators are assigned their IWs, which facilitates the subsequent analysis of performance evaluation in this study. Furthermore, determining the INRM and IWs between/of the evaluation indicators of the current research topic will play a very critical role in promoting the continuous and systematic improvement and update of the architectural design practice. As shown in Figure 4 , architectural sociality (D 3 ) is the dimension with the highest IW in the evaluation framework. Meanwhile, the three dimensions in the evaluation framework are of approximate IW. It can be said that the three dimensions are all important evaluation indices. Under the current research topic, the dimension that has the highest IW is dominant. Using the DANP technique, all evaluation indicators are assigned their IWs, which facilitates the subsequent analysis of performance evaluation in this study. Furthermore, determining the INRM and IWs between/of the evaluation indicators of the current research topic will play a very critical role in promoting the continuous and systematic improvement and update of the architectural design practice.
Applying the Modified VIKOR Technique to Conduct a Performance Evaluation Analysis of the Empirical Case Study
The last stage of this empirical study was to conduct a performance evaluation for course assignments using modified VIKOR technology. As mentioned above, this architectural design course demanded that nine groups of students complete course assignments (as shown in Figure 5 ). Figure 5 presents each group of design schemes through representative drawings. While filling in the modified VIKOR questionnaires, the experts could view all detailed drawings of each group of design schemes, so that the creativity of the design schemes was fully exhibited in the presence of the experts. Performance evaluation showed that the No. 8 design scheme was of the highest creativity while the No. 4 design scheme was of the lowest creativity. By degree of creativity, all design schemes were ranked in descending order as follows: No. 8 Table 2 ). The last stage of this empirical study was to conduct a performance evaluation for course assignments using modified VIKOR technology. As mentioned above, this architectural design course demanded that nine groups of students complete course assignments (as shown in Figure 5 ). Figure 5 presents each group of design schemes through representative drawings. While filling in the modified VIKOR questionnaires, the experts could view all detailed drawings of each group of design schemes, so that the creativity of the design schemes was fully exhibited in the presence of the experts. Performance evaluation showed that the No. 8 design scheme was of the highest creativity while the No. 4 design scheme was of the lowest creativity. By degree of creativity, all design schemes were ranked in descending order as follows: No. 8 Table 2 ). The performance evaluation showed that the disadvantages of the No. 4 design scheme mainly lay in architectural sociality (D3) and architectural artistry (D2). That is, the experts did not feel any creativity in the artistic expression of this design scheme. Moreover, this design scheme did not express any cultural implications. The advantages of the No. 8 design scheme mainly lay in the D1 and D2 dimensions. The surveyed experts universally believed that the architectural form in this design scheme was full of novelty and aesthetic beauty. Meanwhile, this design scheme considered various advantages and disadvantages of the site conditions, which produced an original response regarding various restrictions, and addressed the restrictions properly through a reasonable design. The performance evaluation showed that the disadvantages of the No. 4 design scheme mainly lay in architectural sociality (D 3 ) and architectural artistry (D 2 ). That is, the experts did not feel any creativity in the artistic expression of this design scheme. Moreover, this design scheme did not express any cultural implications. The advantages of the No. 8 design scheme mainly lay in the D 1 and D 2 dimensions. The surveyed experts universally believed that the architectural form in this design scheme was full of novelty and aesthetic beauty. Meanwhile, this design scheme considered various advantages and disadvantages of the site conditions, which produced an original response regarding various restrictions, and addressed the restrictions properly through a reasonable design.
According to the previously mentioned study results, the modified VIKOR technology applied to this evaluation pattern has the following main advantage: preventing the defect of the traditional performance evaluation pattern, known as "selecting a less rotten apple from many rotten apples." In other words, performance ranking in the traditional performance evaluation pattern is usually based on the relative evaluation results (for example, excellent, good, and bad) of evaluated objects. As a result, the object with the best performance among all evaluation objects is usually given full cumulative scores with respect to one or several evaluation indicators. This implies that the object needs almost no improvement or has no space for improvement. In contrast, the object with the worst performance is usually given a zero cumulative score with respect to most evaluation indicators and does not have good performance or advantages. Clearly, this is not the case in the real world. Furthermore, the gap values obtained by the modified VIKOR technology can be combined with the INRM drawn in the previous study stage, which helps us develop a continuous and systematic improvement strategy suited to empirical cases [29, 30] . For example, for the No. 5 design scheme with an average overall performance, the D 2 dimension is given the lowest cumulative score. If various efforts and costs were continuously inputted during the subsequent modification process to improve architectural artistry, this may fail to improve the overall performance of this design scheme genuinely and effectively. Based on the previously mentioned INRM (as shown in Figure 4 ), this study recommends that the designers focus on architectural sociality, or to be specific, increase the period characteristics presented by the design scheme, and develop a series of chain effects to exhibit its architectural artistry better and improve its overall performance dynamically and continuously. As set forth above, this will fundamentally overcome the existing defects of the known traditional performance evaluation pattern. This means to take stopgap measures only but ignore the essential solution.
Conclusions
This study finds that the GT-DANP-mV evaluation pattern can ensure all evaluation indicators are observed and analyzed in the same system during the process of creative evaluation. In previous studies, certain scholars evaluated the creativity of design schemes in terms of different evaluation dimensions and on a stage-by-stage basis [3] . This is beneficial when discussing the complex and critical influential relationships between evaluation indicators more deeply (regardless of whether the evaluation indicators fall under the same dimension). In traditional performance evaluation studies, evaluation indicators are extracted through literature analysis. The GT-DANP-mV evaluation pattern can make the extracted evaluation indicators more significantly target-oriented (effective). It can even be said that the categories and subcategories obtained by the GT research are totally based on the original qualitative data and are exclusively used for this empirical study. The pretest in this evaluation pattern is conducted subsequent to the GT research, so it is able to select experts for the pretest stage and a subsequent performance evaluation phase more accurately, according to the early interview results. Meanwhile, the discussion in the pretest stage may focus on the verbatim transcription and coding results. Compared with the pretest phase in the traditional performance evaluation pattern, the GT-DANP-mV evaluation pattern allows experts to judge the effectiveness of evaluation criteria without recourse to any reference data. This empirical study also shows that qualitative and quantitative study stages contained in the GT-DANP-mV evaluation pattern do not overlap or conflict with each other. By combining the advantages of two analysis techniques (including GT and MADM), the GT-DANP-mV evaluation pattern is also capable of solving the problems encountered at different stages of the performance evaluation. It is not difficult to find that, after DANP technology is applied subsequently to GT research, analysis results of selective coding can be verified to a certain extent, which further extends and supplements the subsequent analysis. Moreover, the introduced DANP-mV hybrid multi-attribute decision model is able to implant the sustainability philosophy into the study on the evaluation of the creativity of an architectural design practice. The DANP-mV model can genuinely carry out the philosophy of continuous improvement and sustainable updates, complete evaluation analysis, and performance ranking in a dynamic, interactional way of thinking, and, thus, develop a continuous and systematic improvement strategy. This will enable the students' design schemes to be continuously updated in the process toward a desired level (creativity). In the follow-up study, a non-additive performance analysis technique may be used tentatively instead of the modified VIKOR technique used in this study. Therefore, the modified VIKOR method used in this study to assess performance levels in the case studies is an additive method. However, circumstances in practice may often be non-additive, and, thus, follow-up research may use non-additive methods to assess performance by more closely approximating actual circumstances. aa1 Combine various elements of the site and the building into an organic whole and intensify the correlation between the building and the site. (a1 and a5) aa2 Matching of colors in the internal/external spaces of the building and coordination with the campus environment (a2 and a17) aa3. Convey the design philosophy through reasonable selection, matching, and treatment of materials of the building façade (a3) aa4. Add flexibility and variability to the space, to satisfy the diverse perceptual needs of the users (a4) aa5. The architectural appearance should possess a certain aesthetic beauty and visual appeal. (a6) d6. Reflect local social development through the architectural design (a7 and a10).
A1
The building and its site should constitute an organic whole, and improper development of site resources should be prevented to the greatest extent. (aa1 and aa9). A2 Architectural color design that is varied and harmonious with the overall environment (aa2 and aa31) A3. The façade materials should respect the philosophy of sustainability (for example, energy conservation and environmental friendliness), and the integrity of the building façade should be ensured. (aa3 and aa19) A4. The architectural space should satisfy the diverse and personalized needs of the users, and the "uncertainty" of architectural space should be intensified. (aa4 and aa15) A5. Create unique and aesthetically pleasing internal/external spatial forms for the building (aa5 and aa13). A6. Attempt to convey new knowledge and understanding of the architectural ontology, and intensify the correlation between the building and local socio-economic development, and symbolic meaning of the building (aa6 and aa20). Table A3 . Sum of influences given/received on criteria.
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